In this study, the mechanism and the kinetic parameters of the thermal decomposition of gibbsite Al(OH)3 were studied by differential thermogravimetry technique under non-isothermal conditions, between room temperature and 1200 K at heating rates of 5, 10, 15 and 20
Introduction
The thermal decomposition of gibbsite, also named aluminium trihydrate, Al 2 O 3 ·3H 2 O has many industrial uses, such as, for example, the preparation of technical ceramic materials (functional and structural applications) [1] . It is well known that gibbsite undergoes a series of reactions and finally forms alumina γ-Al 2 O 3 . It had been established that gibbsite transforms to partial alumina, almost amorphous phase, than to boehmite and finally to χ-Al 2 O 3 [2] . The main causes for differences in this series of reactions are the variations in size of particles, the surface area and the synthetic of gibbsite [3] . The techniques of thermal analysis are remaining to be the essential tools among the huge variety of methods which are used for analysis the kinetics of gibbsite dehydroxylation. The thermogravimetry (TG) and X-ray diffraction are other tools, used to evaluate the phase transitions of gibbsite [4] .
Under non-isothermal conditions and by applying the 32 types of non-isothermal kinetic differential equations, for each stage the overall activation energy E A and preexponential factor K were evaluated from a series of thermogravimetric experiments from room temperature to 1200 K at various heating rates. * corresponding author; e-mail: djaidaredaoui@gmail.com
The aim of this paper is to study the mechanism and the kinetic parameters (activation energy E A and preexponential factor K) of the thermal decomposition of gibbsite.
Materials and methods
The material used in this work is gibbsite, called also aluminum hydroxide Al(OH) 3 . It is a commercial powder which has a lot of uses in ceramic applications, such as catalysts, catalyst supports, absorbents and as refractory castables in refractories industries. Its typical composition is 65% Al 2 O 3 , 0.15% Na, 0.005% Fe and 0.002% SO 4 . TG analysis of gibbsite powder was conducted at variable constant heating rates of 5, 10, 15 and 20
, from room temperature to 1200 K, using Setaram LABevo TG-DSC 1600
• C equipment, operating under argon atmosphere. The phases formed of aluminum hydroxide samples at different temperatures were identified by using diffractometer system XPERT-PRO with scanning step size of 0.0167.
Initially, the kinetics and mechanism of phase transformation of gibbsite have been studied using isothermal and non-isothermal methods. Each technique has given important information about the thermal activities of gibbsite.
In order to obtain the value of the activation energy E A many methods have been proposed. in this study we will use just three of them, which are Ozawa-Flynn-Wall (OFW), Boswell and Kissinger-Akahira-Sunose (KAS) methods described by the following three formulas:
where the frequency factors A and C are constant, ϕ is the heating rate in the differential thermogravimetry (DTG) analysis, E A is the activation energy and T P is the absolute temperature in DTG curves. The plot of y = ln[ϕ], ln[ϕ/T P ] and ln[ϕ/T
2 P ] vs. 1/T P should be linear, so the activation energy E A is calculated using the obtained slope.
The calculation of kinetic parameters of solid-state reactions in the dehydroxylation process of gibbsite was carried out using thermal analysis techniques. Usually, isothermal and non-isothermal methods are used in the study of reaction parameters of homogeneous and heterogeneous reactions. Non-isothermal kinetic parameters are more reliable in heterogeneous reactions than the isothermal ones. In non-isothermal analysis of thermal data, with the provided information, it is possible to propose a single mechanism for each stage of the reaction.
In this paper, we analyzed the TG data by applying the 32 mechanisms of the basic solid-state kinetic equations as shown in Appendix [5] . In this case of dehydration reactions series, three probable mechanism were determined (A 3/2 , F 3/2 and F 2 ). The least squares fit method has been employed for determining the linearity of the equation using corresponding correlation coefficients r and R 2 , respectively. The mechanism of the decomposition was described by the function g(x), where x is the degree of conversion. The following relationships are functions of three parameters, (i) the pre-exponential factor in the Arrhenius equation K, (ii) the activation energy E A and (iii) the function of reaction mechanism g(x). A number of models have been developed for study the mechanism of solid state decomposition processes [5] [6] [7] [8] [9] . Method of Redfern and Coats was found to be the most convenient [10, 11] . Thus the equations for determination of the E A and K are as follows:
Here T = T P is the absolute temperature at the specified fraction, K is the gas constant and ϕ is the heating rate. Plot of ln[g(x)/T 2 ] vs. 1/T gives a straight line. Thus values of E A and K can be calculated [11] . Figure 1 shows the typical TG/DTG and DTA curves of gibbsite powder heated from room temperature to 1200 K at a heating rate of 20
Results and discussion
In the DTG curve shown in Fig. 1 we find the first and the smallest endothermic peak at 519 K, which is due to the partial dehydroxylation of gibbsite (Al(OH) 3 ; File Nr. 00029-0041) and formation of boehmite (AlOOH; File Nr. 00-021-1307). Endothermic peak at 585 K corresponds to two processes: (i) transformation of gibbsite to phase χ-Al 2 O 3 and (ii) additional conversion of gibbsite to boehmite. The first process is in accordance with the results obtained in [12] . Another endothermic peak at 815 K is due to decomposition of boehmite and formation of alumina γ-Al 2 O 3 [12] . The obtained TG curves show clearly three steps of weight loss. The weight loss in the first step (about 5 wt.%) is due to the partial transformation of gibbsite to boehmite; the second step (about 25 wt.%) corresponds to decomposition of gibbsite to boehmite, otherwise to χ-Al 2 O 3 . The last step of around 3 wt.% relates to the formation of γ-Al 2 O 3 .
Further observations show that the total weight loss is equal to 33 wt.%. All these transformations of gibbsite and the chemical composition are confirmed by the XRD analysis, as shown in Fig. 2 [12] . The values of E A , r and R 2 shown in Table I for the reaction (A), as an example, were determined from the slope of the straight line in Fig. 3 . Noted that at 519 K reaction (A) corresponds to partial dehydroxylation of gibbsite and formation of boehmite, the activation energy E A varies from 154.9 to 159.2 kJ mol −1 . We can say that these reactions are very quick. The second reaction (B) corresponds to the transformation of gibbsite to phase χ-Al 2 O 3 at 580 K. Here the energy of activation is in range of 248.8-256.9 kJ mol −1 . The last reaction at 815 K due to the transformation of boehmite to alumina γ-Al 2 O 3 is designated as reaction (C). Its activation energy E A varied from 277 to 285 kJ mol −1 . The mechanisms obtained are depended on the values of g(x). The most likely reaction mechanism was evaluated from the thermal analysis data, the ln[g(x)/T 2 ] vs 1/T functions, for each mechanism. An example of such analysis for A 3/2 at each degree of heating rate is shown in Fig. 4 . The kinetic parameters of thermal decomposition of gibbsite for each mechanism are shown in Table II [11] . 
Conclusions
The kinetics decomposition of gibbsite was studied using TG/ DTG techniques. The transformations of gibbsite are distributed in three stages:
• Gibbsite undergoes a partial dehydroxylation and it is transformed to boehmite (AlOOH) at 519 K.
• An additional conversion of gibbsite and transformation to amorphous phase χ-Al 2 O 3 at 585 K.
• The last stage at 815 K is due to decomposition of boehmite and formation of alumina γ-Al 2 O 3 . The kinetic parameters, such as activation energy and the pre-exponential factor, of the three reactions were calculated using two different techniques of isothermal and non-isothermal methods by applying 32 known mechanisms. Example of determination of solid-state kinetic equations using TG data for each heating rate. Table lists the values of R 2 obtained over interval 0.25 ≤ x ≤ 0.75. The results in bold are marking the most probable kinetic mechanism [13] .
Definition of the kinetic function
Heating rate ϕ [ 
